Four Schiff bases, from pyruvic acid (1) with amines containing N and S donor atoms, thiocarbohydrazide (2, 61%), 2-methyl-3-thiosemicarbazide (3, 26%), S-benzyldithiocarbazate (4, 51%) and S-n-octyldithiocarbazate Compounds 2 and 3 were obtained as cyclic Schiff bases which are triazine derivatives.
Introduction
In recent decades, much attention has been focused on Schiff bases derived from thyldithiocarbazate and S-n-octyldithiocarbazate [1] [2] [3] [4] as well as thiocarbohydrazide [5] [6] [7] and substituted thiosemicarbazide [8] . These dithiocarbazates were condensed with carbonyl compounds such as pyruvic acid to synthesize several novel Schiff bases which could lead to many potential applications. This is because they contain mixed hard and soft donor atoms nitrogen, oxygen and sulfur which are ideal as chelating agents for metal ions. Most of the organic chelators are capable of exhibiting a wide range of biological potentials such as anticancer [1] [7] [8] [9] [10], antibacterial [5] [7] [11] [12] , antifungal [5] [13] . They also have other applications as catalysts in reactions or as photoactive materials [14] . The terminal amino group in thiosemicarbazide and thiocarbohydrazide on the other hand, is highly nucleophilic toward C-eletrophiles because of the activating effect of its adjacent nitrogen which is susceptible to partake in different reactions such as amide formation and Schiff base formation [15] [16] . Due to this phenomenon, these amines namely thiosemicarbazide and thiocarbohydrazide have been reported to yield a series of five, six and seven membered heterocycles when treated with different compounds such as carboxylic acid or esters. Thiocarbohydrazide has a general tendency to form N-amino compound in ring closure reaction such as condensation reaction with α-ketocarboxylic acids to form triazines [15] [16] . Therefore, in view of their potential medical application and our continuing interest in the synthesis of new Schiff bases, we hereby report the preparation and characterization of new Schiff bases from pyruvic acid with S-n-octyldithiocarbazate and S-benzyldithiocarbazate along with the preparation and characterization of the Schiff bases obtained from pyruvic acid with thiocarbohydrazide and 2-methyl-3-thiosemicarbazide together with their X-ray crystallographic structure analysis.
General Method and Procedures

Materials and Methods
Materials
All chemicals and solvents used were of analytical reagent grade and used without any further purification. Pyruvic acid and 2-methyl-thiosemicarbazide were purchased from the Aldrich Chemical Company, thiocarbohydrazide was purchased from Fluka and used without further purification. Both S-benzyldithiocarbazate and S-n-octyldithiocarbazate were prepared following previously reported procedures [17] [18] [19] [20].
Methods
The IR spectra were recorded using ATR on Shimadzu FT-IR IR-Prestige21 in the range of 4000 -400 cm −1 . The EI mass spectra were recorded on an Agilent Mass Spectrometer 5975 C MSD (with direct probe). All the experiments were done at the Chemical Sciences, Faculty of Science, UBD. The NMR spectra were recorded in CDCl 3 or DMSO-d6 as internal standard on a BrukerAvance, 400
MHz NMR Spectrometer carried out by the Nuclear Magnetic Resonance Laboratory, Department of Chemistry, National University of Singapore and some were done in DMSO-d6 by Tennessee State University, Michigan, USA. Elemental analysis for C, H and N was done by the Elemental Analysis Laboratory, Department of Chemistry, National University of Singapore. The X-ray data were collected using a Bruker AXS D8 VENTURE Single Crystal X-ray Diffractometer at the X-ray Diffraction Laboratory, Department of Chemistry, National University of Singapore.
Crystal Structure Determination and Refinement
A single crystal of compound 2 and compound 3 were measured at low temperature (T = 100 K) on a four circles goniometer Kappa geometry Bruker AXS D8 Venture equipped with a Photon 100 CMOS active pixel sensor detector using a Molybdenemonochromatized (λ = 0.71073 Å) X-Ray radiation. Frames were integrated with the Bruker SAINT software package using a narrow-frame algorithm. Data were corrected for absorption effects using the multi-scan method implanted in the software (SADABS). Structure was solved using direct methods and subsequent differences Fourier maps, then refined by least squares proce- 
General Procedure for Synthesis of Schiff Bases (2-5) from Pyruvic Acid (1)
Schiff bases were synthesized from the condensation reaction of pyruvic acid with 2-methyl-3-thiosemicarbazide, thiocarbohydrazide, S-benzyldithiocarbazate and S-n-octyldithiocarbazate in absolute ethanol (but thiocarbohydrazide was dissolved in methanol) and refluxed for 1 -2 hours. After cooling at room temperature overnight, the solid products obtained were filtered, washed with cold absolute ethanol and dried in the desiccator over anhydrous silica gel. The details of the syntheses of the Schiff bases are fully described in sections 2.4 -2.7.
The spectral data of characterization for all four synthesized Schiff bases are shown in Table 1 .
Synthesis of Schiff Base (2) from Pyruvic Acid (1)
Pyruvic acid (0.62 g, 7.00 mmol) and thiocarbohydrazide (0.37 g, 3.50 mmol) were dissolved in MeOH (45 mL) in a 100 mL round bottom flask. The reaction mixture was refluxed for 2 hours to give a pale yellow colour. The volume of the reaction mixture was reduced to half of its original volume and left to stand on the bench overnight. After 1 week, the pale yellow product obtained was filtered, washed with cold MeOH and dried in the vacuo over anhydrous silica gel. The product was recrystallized from abs.ethanol to afford 2. Yield: 61%; m.pt: 182˚C -183˚C. 
Synthesis of Schiff Base (3) from Pyruvic Acid (1)
Pyruvic acid (0.44 g, 5.00 mmol) and 2-methyl-3-thiosemicarbazide (0.52 g, 5.00 mmol) were dissolved in abs. EtOH (30 mL) and 4Å molecular sieves (0.50 g)
were added and refluxed for 1 hour on a steam bath to give a yellow reaction mixture. The reaction mixture was then left to stand on the bench overnight.
Yellow needle crystals obtained were filtered and washed with cold EtOH and dried in the desiccator over anhydrous silica gel to give 3. The product was recrystallized from abs. EtOH to afford a crystalline product.Yield: 26%; m.pt:
160˚C -162˚C.
Synthesis of Schiff Base (4) from Pyruvic Acid (1)
Pyruvic acid (0.26 g, 3.00 mmol) and S-benzyldithiocarbazate (0.59 g, 3.00 mmol) were dissolved in abs. EtOH (15 mL) in a round bottomed flask and 2-3 drops of glacial acetic acid added. The mixture was refluxed for 30 minutes to give a bright yellow colour. The reaction mixture was left to stand on the bench overnight. The yellow solids obtained were filtered, washed with cold EtOH and dried in a desiccator over anhydrous silica gel. Yield: 51%; m.pt: 169˚C -170˚C.
Synthesis of Schiff Base (5) from Pyruvic Acid (1)
Pyruvic acid (0.26 g, 3.00 mmol) and S-n-octyldithiocarbazate (0.66 g, 3.00 mmol) were dissolved in abs. EtOH (40 mL) in a round bottomed flask and 2 -3 drops of glacial acetic acid were added and refluxed for 2 hours to give a bright yellow reaction mixture. The mixture was then left to stand on the bench overnight. After 13 days, the yellow solids formed were filtered, washed with cold EtOH and dried in a desiccator over anhydrous silica gel. The product was recrystallized from acetonitrile to give yellow solids. Yield: 63%; m.pt: 130˚C -132˚C.
Results and Discussion
Spectral Studies
The synthetic pathways and physical properties of the four Schiff bases from pyruvic acid are shown in Scheme 1 and Table 2 respectively. The identification Table 2 are in good agreement with the calculated values.
Schiff base 2 was synthesized from pyruvic acid and thiocarbohydrazide. This compound was first reported by Dornow, A. et al. [26] and the crystal and molecular structure of 2 was reported by Ghassemzadeh, M. et al. [27] , who re- The process of cyclization of compound 3 is also similar to compound 2 except the amine involved in this process is 2-methyl-3-thiosemicarbazide. Similarly, the infrared spectra of compounds 2 and 3 also have a missing OH stretching band confirming the cyclization process had taken place. not the primary amine as observed at 1483 cm −1 due to the formation of azomethine (C=N). The >CH functional group can be found in the region of 2965 -2924 cm −1 and the band at 1684 cm −1 can be attributed to the amide (C=O) functional group. The 1 H NMR spectrum of Schiff base 3 showed a singlet peak at 10.5 ppm as the most deshielded peak due to a secondary amine (>NH), followed by a singlet peak 3.9 ppm belonging to the methyl group attached to a nitrogen atom and 2.3 ppm singlet peak of the methyl group attached to a carbon atom. In the 13 C NMR spectrum, the chemical shift order can be arranged as from the most deshielded: C=S 172.4 ppm, >C=O 152.8 ppm, >C=N 148.7 ppm and methyl groups at 44.9 ppm and 16.2 ppm respectively. This is an unusual case of a carbonyl C=O having lower chemical shift than a thioamide C=S. This is because the carbonyl group in this compound is an amide C=O, and not a ketone or an aldehyde. An amide C=O has lower chemical shift than the mentioned carbonyls but a thioamide C=S has higher chemical shift than an amide [30] [31] . The EI-MS spectrum of compound 3 confirmed that the molecular ion appeared at m/z 157 (M +• ) as a base peak.
Schiff Bases 4 and 5
Compound 4 is a linear Schiff base andwas synthesized from the condensation of pyruvic acid and S-benzyldithiocarbazate. The IR spectrum showed that OH band was present at 3304 cm H NMR spectrum of Schiff base 4 indicated that the most deshielded peak was observed at 13.5 ppm singlet caused by an -OH group of carboxylic acid (-COOH) then followed by 12.5 ppm singlet of -NH group, then multiplet peaks of aromatic proton =CH from 7.4 -7.3 ppm and a singlet peak of S-CH 2 -was observed at 4.4 ppm then followed the least deshielded peak of CH 3 -C=N-at 2.1 ppm. The 13 C NMR spectrum of compound 4 showed that the most deshielded peak was a thione C=S at 201.4 ppm, followed by 165.9 ppm of carboxylic acid -COOH, 144.5 ppm of azomethine C=N, aromatic carbon at 136.9-127.7 ppm, then at 38.5 ppm was assigned to S-CH 2 -and lastly the least deshielded peak at 20.7 ppm was assigned to CH 3 -C=N-. The EI-MS spectrum of compound 4 confirmed that the molecular ion appeared at m/z 268 (M +• ) and thetropylium ion was observed as a base peak at m/z 91.
For compound 5, the OH functional group was found at 3323 cm −1 , the secondary NH functional group was observed at 3248 cm −1 , the CH stretching bands were found in the region of 2947 -2853 cm −1 for the long chain of alkyl group in the compound, whilst the acid (C=O) stretching band was recorded at 1755 cm −1 and azomethine (C=N) band was found at 1612 cm −1
. 1 H NMR spectrum of Schiff base 5 reported that the most deshielded peak was found at 13.5 ppm singlet caused by an -OH group of carboxylic acid (-COOH), then 12.4 ppm of singlet peak of -NH group, followed by a singlet peak of S-CH 2 -at 3.2 ppm and followed by a methyl group of CH 3 -C=N-at 2.0 ppm, then a long chain of methylene -CH 2 -was observed at 1.5 -1.3 ppm and lastly the least deshielded peak at 0.8 ppm was assigned to the terminal -CH 3 of the octyl chain. The 13 C NMR spectrum of compound 5 reported that the most deshielded peak was observed at 202.3 ppm of thione C=S, at 166.1 ppm was caused by a C=O of carboxylic group (-COOH), 144.3 ppm azomethine C=N, 31.6 ppm S-CH 2 -, long chain of methylene -CH 2 -of octyl group was observed at 28.9-28.3 ppm, methyl group of CH 3 -C=N-at 22.5 ppm and lastly terminal -CH 3 at 14.4 ppm was reported as the most shielded. The molecular ion peak of the compound was ob- 
X-Ray Crystallography
The X-ray crystallographic images of compounds 2 and 3 are depicted in Figure   1 and Figure 2 , and the selected bond lengths and bond angles of compounds 2 and 3 are recorded in Table 3 and Table 4 respectively. The precise crystal data for compounds 2 and 3 are reported in Table 5 . Table 3 . Selected bond lengths (Å) and bond angles (˚) for compound 2. Compound 2 was condensed from pyruvic acid with thiocarbohydrazide in methanol and the product was recrystalized in absolute ethanol to afford pale yellow crystals and further analyzed by X-ray crystallographic structure analysis.
Compound 2 crystallizes in the triclinic space group P-1, R 1 = 0.0439 and the six-membered ring framework is depicted in Figure 1 . The delocalization of π-electrons is obvious from the bond lengths viz. C1-N3 as 1.386(2) Å which is similar to the literature value of 1.381(3) Å and C2-N2 as 1.298 (3) Å, also similar to the reported value of 1.294(4) Å [27] . In addition, the bond lengths for S1-C1 is 1.655(2) Å and O1-C3 is 1.231 (2)Å that shows a high double bond character similar to the literature value respectively at 1.654(3) Å and 1.236(3) Å [27] .
The condensation process between pyruvic acid and 2-methyl-3-thiosemicarbazide in absolute ethanol produced Schiff base 3. The product was recrystalized in absolute ethanol to afford yellow rod-like crystals and was further investigated by single X-ray diffraction. Compound 3 crystallizes in the orthorhombic space group P n a 2(1), R 1 = 0.0285 and the six-membered ring framework is depicted in Figure 2 . The delocalization of π-electrons is obvious from the bond lengths viz. C1-N3 as 1.353(2) Å and C3-N2 as 1.289 (3) Å which are very similar to the values for compound 2. In addition, the bond lengths for S1-C1 is 1.666(2) Å which is also similar with compound 2 but the O1-C2 is 1.223 (3) Å which was found to be slightly lower than the value for compound 2.
Conclusion
Four Schiff bases of pyruvic acid of which two are new compounds were suc- 
